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We detected elastin tnRNA in cultured normal hmnan 
keratinocytes by RNase protection assay. The content of 
elastin tnRNA was estimated at approxitnately one-
twentieth of that of cultured skin fibroblasts. Tropoelastin 
polypeptide with a molecular weight of 68 kDa was 
detected in the preparation of culture medium of normal 
human keratinocytes by western blot assays using anti-
tropoelastin antibody. Immunohistochemical studies also 
detnonstrated positive staining in cultured nonnal human 
keratinocytes as well as in skin fibroblasts. The expression 
E lastin is a major connective tissu e component in large arteries, lung, and ligam entum., and pro vides elasticity to the tissues (Rosenbloom et a/ , 1991; R osenbloom et al, 1993) . In human skin , elasti c ftb ers are fo und in the dermal connective tissue . Although elastin may comprise 
a small amount o f dry skin (24%) compared wi th that o f large arteL; es 
(> 50%) (Uitto and C hristi ano, 1993), it undoubtedly plays an 
important role in maintaining no rmal elasti city o f skin . Abnonmtl 
e lastin m etabolism has been reported in elastin - related skin disorders 
(Uitto and C ht;stiano, 1993) . 
Elastin is synthesized by several m esenchymal cells in vario us 
o rgam ; smoo th muscle cells in large arte t; es, ftb roblasts in lung and 
ligam entum, and cho ndrocytes in cartilage (Gosline and Rosenbloo m , 
1984; Davidson and Giro, 1986) . D ermal fibroblasts are tho ug ht . to 
be the maj o r elastin-produ cing cells in skin, and considerable data 
describing elastin regulation in normal and diseased states using skin 
fibroblasts have been accumulated (G iro er a/, 1985 ; Sephel er a/ , 
1988, 1989) . 
Keratinocytes have been reported to be able to produ ce severa l 
m atrix proteins, type IV (Alitalo eta/, 1982), V (Stenn et a/, 1979), 
and VII (Rega uer et al, 1990 ; Ko nig and Bruckner-Tuderman , 
1991; Burgeson, 1993) collagens, laminins (Marinko vi ch eta/, 1992; 
Marchisio ct a/, 1993), and fibro nec tin (O 'K eefe et a/, 1984; Kubo 
et a/, 1984). These multipotent biosynthetic properties of keratinocytes 
imply the importance of extracellular matrix for their physiologic 
functions . After reading these previo us reports , w e decided to 
explore the possibility that keratinocytes may also be elastin -
producing cells. Our results show that cultured keratin ocytes are 
capab le of producing elastin that m ay act as a rnodwator o f 
keratinocyte proliferation. 
Manuscript rece ived December 27, 1996; revised June 9, 1997; accepted for 
publication July 11 , 1997 . 
R eprint requests to: Dr. Shingo T:~ima, Department ofDem10tology, National 
D efense M edical Co ll ege, 3-2 N amiki ,. Tokorozawa, Saitama 359, Japan . 
Abbreviations: GAPDI-1, glyceraldehyde-3-phosphate-dchydrogenase; NHK, 
normal human keratinocytes; SDS, sodium dodecyJ sulfa te; SSC, 0.15 M sodium 
chloride and 0.015 M sodium citn te. 
of elastin by normal hun'lan keratinocytes was found 
to reach a tnaxitnmn level at the quiescent phase of 
keratinocyte growth. When nonnal hmnan keratinocytes 
were cultured on tropoelastin-coated dishes, their growth 
potential was greatly suppressed compared with other 
matrix protein-coated dishes. These results suggest that 
cultured nonnal hmnan keratinocytes can actively syn-
thesize elastin and that keratinocyte elastin tnay act as a 
growth-regulator for keratinocytes. Key words: elastin/ 
proliferation.] In11est Derm.atol 109:641- 644, 1997 
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Cell culture Normal human keratinocytes (NI-lK) were purchased as Epipack 
fi·om Sanko-Junya ku (Tokyo, Japan) and cultured in serum- free, low-calcium 
(0.1 mM), modified MCDB 153 keratinocyte basal media containing growth 
£1ctors (design:Hcd as KGM), insulin , epidemwl growth f.1cto r, hydrocortisone, 
and bovine pituitaty extract. 
Norma.! human skin fibroblasts were established by an explant method 
and cultured in Dulbecco's mocli fied Eagle's medium containing 10% fe tal 
bovine se ru.n1. 
NHK at tbird or fourth culture were used in this experin1ent. To o.btain 
suspension-arrested cells, cells were ny psinized and suspended fo r 2 h in 1.3% 
(wt/ vol) methylcdlu lose (4000 centipoises, Sigma, St. Louis, MO) dissolved in 
KGM at a density of 1.5 X 105 cells per ml (Dike and Farmer, '1988) . At the 
termina tion of the incubation, cells were recovered with cennifugation at 
12000 X .Q for 30 min and washed twice with phospha te-bufte red sa line. To 
prepare adhesive, proliferative, or quiescent (density-a rrested) phases of cells, 
cells were plated at a density of 2 X 105 per 35 mM-petri dish and cultured 
fo r 6, 24, or 72 h itt KGM. An .inverted-phase microscope observation revealed 
that at the end of a culture period of 6 h, cells v.<i th a skirt of cytoplasm and 
dark nuclei were mostly immobilized to the bottom. of petri dishes (adhesive 
phase) (Woodley et nl, 1990). Ce lls were actively proLiferating at the end of24-
h incubation (proliferating phase). At the tennination of72-h incubation, cells 
reached con.Auent densi ty and sta rted keratini za tion with the increase in cornifi ed 
envelope content (density-a rrested) (Taj ima and Toktun it.'iu, J 995). 
To study the eflect of elastin -coated dish on keratinocyte proli f< ration, cells 
were p.lated at a density of 4 X 104 per 35 mm-diamet~r matrix-coated dishes 
containing either type I collagen fi·om rat tail tendon, type IV co llagen and 
Jaminin (now designated laminin- 1) from Engelbreth- Holm-Swarrn Sarcom a, 
fib ro nectin fi·om human plasma (Bec ton Dickson, Bedford, MA), or tropodastin 
l'i-0111 bovine li g:unentllm (Elastin Products, Owensville, M.l ). Tissue culture 
dishes were treated with these matt-i\: proteins at a concentration of lO 1-lg per 
m] fo r 24 h :tt 4°C, then rinsed with KGM twice (Kubo el nl, '1 987). Cells 
were grown in KGM fo r 3 or 5 d. At the termination of the cul ture, the cells 
were trypsini zed ~nd th e cell number ' :vas counted \:vith 3 Coul ter counter. · 
Northern blot analysis TotaJ R NA was isolated fi·om the cul tured cells with 
guanidine thiocyanate according to a procedure a.! ready described (Chomczynski 
and Sacchi , 1987), adjusted to a concentration of 2 rtg per rll , and stored at 
-80°C. Ten micrograms of RN A was denatured in deionized I M gLyoxal per 
10 mM phosphate bufrer, pH. 6.5, at 50°C fo r 1 h and resolved on 1% agarose 
geL electrophoresis and blotted onto nylon membran es (Pall Biosupport). T he 
blots were prehybridized in the soltttion \.50% fo m1amide, 5 X Denhardt's 
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Figure 2. Elastin polypeptide is detected in the medium of cultured 
keratinocytes. (a) Conditioning media of cultured keratinocytes were pooled 
ond the proteins were fi-actionated by gel chromatograph y equilibrated with 50 
mM Tris-J-JCI, pH 7.5, contoining 45 mM guan idine-H C I. (b) Eve1y three 
tractions we re mixed and subjected to sodium dodecylsulphate-polyacJy lanl.ide 
gel electrophoresis. E lastin polypeptide was detected by western blot analysis 
using anti- tropoelastin antibody. T he right lane indicates tropoelastin secreted 
in the medium by cul tured smooth muscle cells. 
solution , 0. 1 •y., sodium dodecyl sul f.ote (SDS), 100 !J.g tR.NA per m.l , 5 X 0.15 M 
sodium chloride, and 0.015 M sodium citrate (SSC) J at 42°C fo r 24 h, then 
hybridized with 32P-Iabeled probes (-108 cpm per ~lg DNA). Glyceraldehydc-
3-phosphate- dehydrogenase (GAPD H) (Fort ct a/, 1985) eDNA was b beled 
with [32 PJdCTP (11 0 Tflq per mmo.l) (Amersham) by multip1ime DNA 
labeling system (Amersham). T he fil ters were washed with 2 X SSC/O.l% SDS 
at room temperature for 30 min then 0. ·t X SSC/0. ·t •y., SDS :tt room temperature 
for 30 min and exposed to x- ray film (Fuji R.X, l"l...ochester, NY). The 
Auorograms were scanned with a densito meter. 
Ribonuclease protection assays T he human elastin eDNA fi·agment 
(Eco R I/ Sacl , 424 bp) (lndik el nl, 1987) con·esponding to the N-terminal 
region of elastin polypeptide was subcloned into pGEM vector (Promega, 
Mnd ison, W I). Anti-sense RNA probes were transcribed fi·om the template 
sequences with T7 RNA polymerose and bbcled with [I-32P]UTP ("16 Tflq 
per mmol, amcrsham) acco rding to a suppli er 's protocol (Promega) . Fu ll - length 
transc1ipts were purified ft·om aCJy lamide gel (6% acrylamjde/8 · M urea) and 
used as pro bes . T he probes were hybridized w ith sample RNAs at 42°C 
overnight in the solu tion conta in ing SO'!f, formamjde, 40 mM 1 ,4 piperazincdie-
thanesul phonic acid , plcl 6.4, 400 mM sodium aceta te, pH 6.4, and ") mM 
eth ylenediaminetctraaceti c acid, then digested with R.Nase A (1 0 uni ts per rnJ) 
and l"l...Nase T l (2000 units per m.l) (A rnbion, Austin , TX) at 3JCC fo r 3 h. 
200 
f.l9 RNA 
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Figure 1. Elastin mRNA is detected in 
cultured keratinocytes by RNase 
protection assays with a linear correlation 
between input san1ple, RNA, and 
protected anti-sense probe. Total R.NA w:ts 
iso la ted fro m cul tured human keratin ocytes o r 
dermal fibroblasts. (a) R.Nase protecti on assays 
were perfonn ed without {Iaiii' 1) or with {lnii CS 
2-4) RNase di gestion, using derm :1 l fibrob last 
l"l...N A (1 0 ~lg per lane) {/<11/C 2) , kerati nocytc 
RNA (50 ~lg per lane) (la11es ·1 and J), or no 
sample RNA (ln11 e 4). M olecular marke rs were 
Hinf I fi·agments of p.BR.322 DNA. (b) For 
quanti tative ossays, RNase protection assays 
were performed with a range of kerat:inocyte 
KNA (0-1 00 IJ.g) . Valu es are mean :±: SD fl·om 
dupli ca te assays. 
Figure 3. Cultured keratinocytes are in1munostained with anti-elastin 
antibody. C ultured skin fibroblasts (a) and N 1-IK (l1 and c) were fi xed and 
stai ned wi th (a and b) or w itho ut (r) anti-eh stin antibody at a I :60 dilu tio n. 
Swle bm~, 40 f.im. 
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Figure 4. Elastin expression is modulated during different phases of 
keratinocyte growth. (a) Cells were crypsinized and suspended fo r 6 h in 
1.3% methylcell ulose (designa ted as 0 h) (la~~ e 1; suspension-an·ested phase) or 
plated at a density of 2 X 105 per 35 mM-diameter petri dish and cultured for 
6 (/a11e 2; adhesion phase), 24 (/a11c 3; pro li ferating phase), or 72 h (lane 4; 
growth-arrested phase) in KGM . RNA was extracted fi·om the cells at the end 
of the cul ture, chen elastin tTtR . .NA content was assayed by means of R.Nase 
protection analysis. GAPDH mRNA level was determined by northern blot 
analysis. (b) T he level of elastin mR.NA was detennined by scanning the 
autoradiograms, and normalized by GAPDH mRNA kvel. Values indicate 
densitometric percentage relative to the mR.NA level at 0 h and mean :t: SD 
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Figure 5. Solid phase of tropoelastin modulates keratinocyte 
proliferation. NHK were plated at a density of 4 X 104 per 35-mM-diameter 
dish on fibronectin-coated (FN) , type I collagen-coated (!), rype IV collagen-
coated (IV), lami nin-coated (LN) , tropoelastin-coated (Ela) , or plain (Cont) 
dishes. Cells were grown in KGM for 3 or 5 d. At the tennination of the 
culture, cell number was counted. Mean :t: SD from triplicate experi.m.ents and 
sta tistical significance at p < 0.01 (*) (**) are indicated . 
The protected RNA fi·agments were analysed on sequencing gel (6% acrylam.ide/ 
8 M urea) and exposed on x-ray fi lms at -80°C for 24-48 h (Azuma era/, "I 994). 
Detection of elastin polypeptide Condi tioned media of NHK (200 nll) 
were mixed with protease inhibitor cocktails containing 1 mM ethylenediamine-
tetraaceti c ac1d, n-ethylmalenmde, and phenylmethylsulfonyl flu oride. Proten1s 
were precipitated with 176 mg ammonium sult"Jte per ml (Hayashi ct a/, 1994) 
and dissolved with the buffer (50 mM Tris-H CI, pH 7.4, containing 2 M 
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guanidine hydrochloride). After cent1ifugation at I 0,000 X g for 30 min at 
4°C, the supernatants were applied to 6% agarose (A-5 M, Bio-Rad) colurn11 
(0 .9 X 90, Pharmacia) equilibrated with the same bufFer (Tajima and Pinnell , 
1981 ). Every three fiactions were pooled and dialysed exhausti vely aga inst 0.1% 
aceti c acid containing protease inhibitor cocktails (sec above) at 4°C, then 
lyophilized. T he proteins were separated on 2-15% gradient sodium dodecyl-
sulphate-polyacrylam.ide gel elec trophoresis under reducing conditions and 
transfe rred to nitrocellulose membranes (Schleicher & Schnell) in a ta nk blotter 
in 25 m.M Tris/0.192 M glycine, pH 8.3/20% methanol ar 30 V overnight 
(Towbin eta/, 1979). T he filters were blocked with 5% bovine serum a.lbumin 
in 10 m.M Tris-HCI, pH 8.0/ 150 m.M NaCI/ 0.05% Tween (TBST) for 2 h 
and incubated with anti-bovine tropoelastin monoclonal antibody (Elastin 
Products) (Hayashi er a/, 1995) at 1/ 1000 dilution for 24 h. T he blots were 
then washed with TBST for 3 X "1 0 min and incubated with second antibody 
(a nti-mouse illll11unoglobulins) at 1/ 1000 dilution for 1 h. Antigens were 
visualized using chemilhnn.inescence (ECL, Amersham). 
ln11nunostaining of cultured keratinocytes NHK and ski n fibroblasts 
were cultured in glass chamber slides and fixed in 4% parafomnldehyde. The 
slides were rinsed with Tris-buffered saline (pH 7.6), and incubated with Tris-
buffered saline containing 0.01% saponin for 5 min . The ceUs were covered 
with anti-bovine tropoelastin monoclonal antibody at J :60 dilu tion for 24 h at 
4°C after blocking by 1% bovine serum albumin. The slides were washed with 
Ttis-buffered saline fo r 60 min , then incubated with biotin-conjuga ted seconda.t)' 
anti-mouse immunoglobulin antibody (Dako, Kyoto, Japan) at 1 :500 dilution 
for 30 min. The samples were stained with strept A.B I AP kit (Dako). 
lUSULTS 
E lastin is expressed b y c ultured keratinocytes In preliminary 
experiments, conventional no rthern blot analysis fai led to dete t elastin 
mRNA in cultured NHK, possibly because of its low abundance in 
NHK. l~ase protection assays demonstrated an elastin l~A probe-
specific fragm.ent (424 bp) in both cultured NH.K and skin ftbroblasts 
(F ig la , la11es 2 and 3) . Densitometric determination of the 424-bp 
fi:agm.ents revealed that elastin mRNA levels in cul tured NHK were 
as low as o ne-twentieth of cultured skin fibro blast (data not shown). 
For a quantitative deten11ination of kera tinocyte elastin m.l'l...NA levels, 
a range ofkeratinocyte RNA (0-100 J.l.g per lan e) was hybridized with 
a constant amount of probe L~A. The results showed that am o unts 
of sample RNA less than l 00 J.l.g exhibited a linear correlatio n to the 
amount of protec ted elastin mRNA (Fig l b). We decided to use 
50 J.l.g of keratinocyte RNA for further RNase protection assays. 
To detec t the elastin polypeptide in conditioned media of NHK, 
200 ml of KGM was harvested and the proteins were fi:ac tio nated by 
gel chromatography (Fig 2a) . W estern blot assays of each fi·actio n 
using an elastin antibody dem o nstrated a 68-kDa p olypeptide in the 
media (Fig 2b) . No p ositive bands w ere detected in the other fractions. 
Anti-elastin antibody apparently stain ed cultured k eratinocytes as 
well as dermal fibroblasts (Fig 3). 
E lastin is r elated to keratinocy te proliferation To investigate th e 
relationship between keratin ocyte proliferatio n and elastin expressio n , 
RNA was prep ared from four d ifl:e rent phases of ke ratinocyte growth: 
suspension-arrested (0 h) , adhesive (6 h), proli ferating (24 h), and 
density-arres ted (72 h) cells. Fifty m icrograms of RNA was hybridized 
with gel-purified RNA pro bes. The results showed that elastin was 
e>..lJ ressed at a higher level in the susp ension- and density-arrested 
phases of NHK than in the adhesive and pe tfo rating phases (Fig 4a,b). 
The effect of matrix elastin o n keratinocyte pro lifera tio n is shown 
in Fig 5 . T he growth potential of NHK cultured on fibronectin , type 
I collagen , type IV collagen , and laminin was greater than control 
(p lain dish) on both day 3 and day 5, w hich was largely consistent 
with previo us reports (Kubo et a/, 1987; Woodley et a/, 1990). Ln 
contrast, the growth of NHK cultured on tro poelastin-dishes was 
grea tly suppressed on days 3 and 5 compared with fibro nectin , type f 
co llagen , IV collagen , and laminin, and even w ith contro.l dishes. 
Dl C USSION 
We have clearly dem onstrated that human keratinocytes in culture can 
e>..lJress e lastin . This is not surpLising because keratinocytes are known 
to produce many mattix proteins: collagens, proteoglycans , fibro nec tin, 
and hm.ini ns (Stenn eta/, 1979; Alitalo eta/, 1982; O 'Keefe et a/, 1984; 
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R egauer el a/, 1990; Marinkovi ch ct a/, 1992; Yamane e/ a/, 1996). 
T he elastin mRNA level was found to be as low as one-twenti eth of 
skin fibroblasts. The low content of elas tin mRNA may expla in why 
elastin has not been previ ously detected in cultured keratinocytes, and 
the use of a sensitive RNase protection assay instead of a conventi onal 
northern blot may enable us to detect elastin mRNA in cultured 
keratinocytes . The expression of elastin was found to be modulated 
depending on the proliferative co nditions and solid phase of tropoeJas tin 
was found to modulate keratinocyte proliferati on. T he results suggest 
that keratin ocyte elastin possesses some functions related to cell 
pro liferation . 
At present we have no informati on on whether or not elastin 
produ ced by keratinocytes can fo rm insoluble elastic fibers. We have 
found, however, that keratinocytes can also express fibriilin- 1 and 
-2 (unpublished data) that are th ought to be essential microfibrillar 
glycoprotei.J1s fo r the maturation of elastic fib ers (Sa kai eta/, 1986) . This 
suggests that keratinocyte-origi n elastic fibers may deposit somewhere in 
th e epidermal layer or dermal-epidermal junction. Previous electron-
microscopi c studi es have demonstrated that th e straight elasti c fibers 
a1igned petpendicuJarly to the dermo-epidermal juncti on terminate at 
the basal lamina involving in dem1o-epidermal adJ1 esion (Kobayashi , 
1977; Tsuji , 1980) . There are, however, no data indi cating the presence 
of elastic fibers at the dem1o-epidem1al junction above th e basal lamina 
or intercellular space ofkeratinocytes. Studies are now in progress to try 
and locate elastic fibers in these areas using immunoelectromnicroscopy. 
Keratinocyte cultures frequendy require insulin , epidermal growth 
fac tor, bovine pituitaty extract, and hydrocortisone to sustain their 
constant growth. Expression of keratin ocyte elastin seems to be 
unrelated to these complex cu.lture condi tions because SV 40-trans-
formed human keratin ocytes that grow without th ese growth fac tors 
in the culture medium, were also shown to express elastin by RNase 
protec ti on assays (data not shown). 
It was noted that elastin expression by NHK reached its highest 
level at th e qui escent (differentiating) phase. This seems to be in 
accordance with the previous reports that elastin is expressed at GO 
phase dmi ng smooth muscle cell cycling (Wachi et al, 1995). It has 
been reported that most keratin ocytes ca n be induced to differentiate 
to completion by placing them in suspension in methylcellulose, or 
insuffi ciently indu ced by bringing them in growth-arrested conditions 
(Gree n, l 977; Watt et a/, 1988) . It is therefore possible that expression 
of keratinocyte elasti1: and keratinocyte differentiation may be linked. 
Elastin m odulation during Ca ++-induced keratir1ization in ceJI cu.lture 
system remains to be determined in the future studies . 
It was also noted that solid phase tropoelastin inhibited keratinocyte 
proliferation . Because elastin expression by keratinocytes was maximum 
at their quiescent phase, elastin seems to inhi bit keratinocyte prolifera-
tion by an autocl.ine mechanism ; enhanced elastin expression at a 
quiescent phase may result in the acc um.ulation of elastin in the 
ex.tracellular space, and accumulated elastin may, in turn, hinder th e 
active keratinocyte prollfer:J tion. 
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